Abstract: In a Mach-Zehnder interferometer, the vapour cloud surrounding an evaporating droplet is imaged with digital holography. Using an Abel inversion, quantitative local evaporation rates can be measured precisely for the first time.
Problem Description
The classical problem of an evaporating droplet is still an actively researched one ( [1, 2] ). Part of this is due to the presence of singularities at the contact line and the divergence of the evaporation rate at this location. Capturing this phenomenon adequately in theory and in numerics is still a challenging problem especially as experiments to validate the proposals are largely limited to global measurements such as total evaporation rate. With the present technique, local evaporation rates can be determined allowing a more fine-grained validation of the numerical codes and theory.
A classical Mach-Zehnder interferometer as shown in Fig. 1a ) is used to record fringe patterns in finite fringe mode as in Fig. 1b) . The evaporating droplet which is shown is created at the tip of an upright metal tube with a diameter of 5mm. For the liquid, HFE-7100 is used from 3M. Due to its low saturation pressure, significant evaporation already occurs at ambient working conditions. No doubt because of the high density of the created vapour, a significant change in refractive index is generated in the gas phase due to the vapour concentration gradient present at the droplet interface.
Analysis
The obtained finite fringe interferogram is analysed with the Fourier Transform Profilometry (FTP) technique which is described in [3] [4] [5] . In essence, the phase information is extracted from the image using appropriate filtering in the frequency space and this info is then recombined (holographically) with the phase of an interferometric image taken in the absence of vapour. The obtained phase map is then unwrapped in time with Itoh's algorithm [6] (as was done by [7] ) to yield an integrated phase delay map of the vapour cloud. If we assume that the problem is axi-symmetric, an Abel inversion can be applied to this result to yield a 2D cut of the refractive index field. This is shown in Fig. 2 . With an appropriate calibration of refractive index versus vapour concentration, this can in turn be transformed into a vapour concentration field. Unfortunately, a calibration of refractive index versus vapour concentration is not yet available in literature and therefore the shown colours in the image only qualitatively show the vapour concentration. In order to remedy this, we will perform this calibration in the following way. With a CEM vapour delivery system of Bronkhorst it is possible to generate a given flow of air with a prescribed concentration of vapour. This flow will be redirected Once this is obtained, vapour concentration profiles perpendicular to the local droplet surface can be extracted, from which the local evaporation flux J can be calculated. This is done through the following formula where n is the molar density of the gas, D is the diffusion coefficient of the vapour in air, z is the distance to the droplet interface and c i is the molar fraction of the vapour at the interface:
The result of two such extractions is shown in Fig. 3 , albeit still in arbitrary units due to the lack of calibration. The dashed profile is taken along the dashed line in Fig. 2 and similarly for the solid profile. In general, these profiles are very similar and should allow for an accurate determination of the gradient at the interface and the calculation of the local evaporation rate.
Conclusions
It was found that the vapour cloud generated by an evaporating droplet of HFE-7100 in ambient conditions leads to clear measurable refractive index differences. By using Mach-Zehnder interferometry, this evolution can be measured in real time and from this, local evaporation rates at the droplet interface can be extracted. Before this can be achieved however, a proper calibration of refractive index versus vapour concentration will be performed in the coming months. At the conference, the results of this calibration and the first local measurements of evaporation rate with this technique will be presented.
